Factor analysis carried out in thirteen sediment cores, collected from an active pockmark field area in the eastern part of the Gulf of Patras, discriminated a domestic sewage pollution factor, the Mn/Fe oxides and the carbonate sedimentation. The increased content in sand, the low C content as well as the lack of C /heavy org org" J metals association follow a specific NW-SE transect in the centre of the surveyed pockmark field, suggesting pockmarks activity. This seems to control sedimentation and heavy metals distributions.
INTRODUCTION
This paper deals with the distributions of several heavy metals in surficial sediments taken from pockmarks and the surrounding seafloor of an active pockmark field in the eastern Gulf of Patras. It is the first time such an attempt is being made, since there are no references dealing with geochemistry in active pockmark fields. The further aim of this study is to investigate the potential effects of pockmarks activity in the distributions of heavy metals in surficial sediments contained in the field, by applying a multivariate statistical analysis on the sediments grain size data and metals concentrations.
Figure 1. Side scan sonar image from the Gulf of Patras showing gas plumes (GS) rising in the water column from active pockmarks (PM). The circular step-like features (SI) in the rim of the pockmark may indicate that
the sidewalk are affected by slumping due to the release of gas.
Eix.l. Καταγραφή ηχοβολιστή πλευρικής σάρωσης από τον Πατραϊκό κόλπο που δείχνει διαφυγές αερίων (GS) από ενεργούς κρατήρες (ΡΜ) προς την υδάτινη στήλη. Οι κυκλικές μορφές που ομοιάζουν με αναβαθμούς (SI)
στο χείλος του κρατήρα υποδηλώνουν πιθανή κατολίσθηση των τοιχωμάτων λόγω διαφυγής αερίων.
GEOLOGICAL SETTING
The Gulf of Patras is an active tectonic trough with a W.NW -E.SE direction. The gulf is covered by Holocene sediments, which lie on Pleistocene depositions (Ferentinos et al., 1985) . The Holocene and Pleistocene sediments of the gulf are gas-charged (Ferentinos, 1992; Papatheodorou et al, 1993; Hasiotis et al, 1996) . The subsurface gas is mostly methane, biogenic in origin. These hydrocarbons migrate towards the seabed surface through the Holocene/Pleistocene interface, which seems to be the area of gas hydrocarbon accumulations (Papatheodorou et al, 1993) . Gas hydrocarbons escape to the water column through faulty zones and/or pockmarks formed on the seafloor (Fig.l) . Recently, Hasiotis et al. (1996) found a large active pockmark field in the eastern part of the gulf. Pockmarks varied in size and shape from 25 to 250m in diameter and from 0.5 to 15m in depth. This pockmark field was activated during the 14/7/1993 seismic event, releasing large amounts of gas in the water column.
METHODS
The bathymétrie survey was carried out prior to coring, using a precision depths meter ODOM ECHOTRAC DF3200 MKII, equipped with a 200kHz/2.75° transducer. A Differential GPS, type TRIMBLE 4000 II RL-DL, with an accuracy of ±lm was used for positioning. Sediment cores were obtained with the use of a BENTHOS gravity corer. Thirteen (13) cores were collected from inside and outside the pockmarks (Fig.2) . The top 2cm of each core was subsampled and considered as surficial sample. Laboratory analyses consisted of grain size (Folk, 1974) , organic carbon determination according to Gaudette et al. (1974) and heavy metals were extracted by bulk sediment digestion with the attack of HCl, HN0 3 and HF, according to Thompson and Wood (1982) . Digested samples were analysed for Ca, Fe, Co, Cu, Μη, Pb and Zn with the use of a Perkin Elmer 3110 AAS. The concentration for each metal was derived by the equation given for the calibration curve for each metal. Factor Analysis (Davis, 1986) , a multivariate statistical method, was applied to the grain size classes (<-1Ζ, (-l)-OZ, 0-1Z, ..., 9-10Z) and geochemical (Ca, C or , Fe Co, Cu, Μη, Pb and Zn) data. It provides the possibility to determine the geographical distribution of the resulting factors. The geochemical -geological interpretation of the factors gives an insight into the main processes that may control the distribution of the variables. The aim of /?-mode Factor Analysis is to represent a large number of variables in the original data set by a significantly smaller number of 'factors', each of which is a linear function of the original variables, a. Data matrix: A 13 rows ' 16 columns matrix was created on a spreadsheet. Rows corresponded to the number of samples and columns to the elements concentrations and grain size classes (variables). b. Correlation matrix: The correlation coefficient (R) was used to measure the linear relationship between each pair of variables. Α 16Ί6 correlation matrix was resulted. c. Initial factor matrix: The eigenvalues and corresponding eigenvectors of the correlation matrix were ex tracted. An initial factor matrix was computed using standard mathematical procedures. Eigenvalues ac count for the total variability variation explained by each factor. Each factor consists of as many coefficients (loadings) as the number of variables. The loadings represent the correlation between the factor and the original variables. d. Selection of the number of factors: In order to reduce the complexity of the original data, the selection of an optimal k number of factors, less than the p original variables (k<p), is required. There are no universally agreed upon criteria for the selection of the number of factors to be retained. There are many suggestions for selecting the optimum number of factors (amount of the cumulative variance, eigenvalues >1, scree plot) (Davis, 1986; Reyment and Joreskop, 1993) , but the most straightforward solution is to retain as many fac tors as the ruling theory demands. The cut-off of the k significant factors in the present study was based on the cumulative percentage of variance, which was accounted for by the k factors, in conjunction with the clear-cut geochemical/granulometric meanings, which are represented by the factors. In this way, high communalities were achieved for each variable when k factors were retained. e. Rotation of factor axes: The simple factor matrix consists of simple factors that have a few high and many zero or near-zero loadings. Kaiser's Varimax orthogonal rotation method was applied to the initial unrotated factor loadings in order to achieve a simple structure (Kaiser, 1958) . f. Factor scores: Factor scores determine the 'amount' of each factor in each sample. The factor scores matrix was computed by multiplying the factor loadings for the variables times the original values of the variables and then combined these products to obtain a score for each sample. This step is important for the mapping of the geographical distribution of each factor.
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RESULTS

Bathymetry
A detailed bathymétrie map of the study area ( Fig.3) indicates several pockmarks on the seabed of the area. These pockmarks lie in the north-end part of the pockmark field discovered and surveyed by Hasiotis et al. (1996) . The surrounding seafloor appears to be smooth with no particular morphological features. Table 1 shows the sediments contents in sand, silt and clay fractions, as well as their textural description according to Folk (1974) . Generally, the sediments consist of fine materials. The spatial distribution of clay ( Fig.4a) shows that it increases away from sample 14, which was taken inside a composite pockmark. Silt decreases away from sample 14 ( Fig.4b ) and sand exhibits a general shoreward-increasing gradient (Fig.4c) . However, two local sand peaks appear at samples 22 and 24, which were taken inside pockmarks. 
Grain size
Geochemistry
The comparison of Table 1 and Table 2 shows that calcium occurs in higher concentrations where surficial sediments have higher silt content. Generally, there is a Ca-increasing gradient from the offshore to the nearshore surficial sediments. The spatial distribution of C (Fig.5) shows that it is detected in higher concentra tions near-shore, particularly at the northern part of the studied area. Minimum C or concentrations were found in the middle of the pockmark field. Numerous sewage pipes discharge untreated domestic wastes from the city of Patras along the coastline of the study area. The effect of Patras city sewage in the surficial sediments of the study area is quite evident by the fact that maximum C o closer to Patras city).
concentrations occur at the north of the study area (i.e. 
Fe concentrations in surficial sediments exhibit a decreasing gradient towards the city of Patras, while maximum Fe concentrations are noted in samples taken inside pockmarks. Cobalt shows a general decreasing concentrations gradient offshorewards. Maximum Co concentrations occur rather locally around sample 17. Another local peak occurs around sample 11 to the west of the pockmark field. Cu in the surficial sediments appears to increase from offshore to nearshore, showing maximum concentrations locally around sample 17. Enhanced Cu concentrations also seem to occur around samples 11 and 22 at the west and south parts of the area respectively, disturbing thus an even shoreward-increasing Cu distribution. Manganese increases in a NE-SW direction. In a wider geographical view, Mn increases from the surficial sediments near the city of Patras (NE) to the south. Maximum Mn values seem to be locally concentrated, rather than distributed. Three areas of maximum Pb concentrations lie at the Ν, E and SW parts of the study area (samples 1, 17 and 13 respectively). Maximum Zn appears at the north and in nearshore sectors, showing a decreasing gradient to the south and offshore. In the pockmark field Zn distribution is random. 
Factor Analysis
A 5-factors model accounts for the 85.3% of the total variance of the original variables (Table 3 ). The first two factors combine both geochemistry and granulometry, while the third is a pure geochemical factor. The last two factors are purely granulometrie, explaining interrelationships between the grain size classes. The high communalities achieved (Table 4 ) suggest that the model is statistically significant. The Varimax rotated loadings for each factor extracted are shown in Table 4 . Table 5 presents the scores of the extracted factors. High to modérât factor loadings were shown for Pb, Zn, C or , Cu, Co and the 5-6Z grain size class (silt) ( Table 4 ). This factor is a typical 'domestic sewage pollution' factor. Salomons and Forstner (1984) reported that these metals (among others) are indices of pollution in nearshore sediments. High positive factor scores were obtained for samples 1 and 17 (Table 5 ). The effect of Factor 1 in the surficial sediments in terms of geographic distribution is shown by the spatial distribution of the factor scores in Fig.6a . Generally, Factor 1 seems to have high scores in samples located in the SW and NE parts of the study area, the latter being closer to the city of Patras. Most of the surficial samples exhibiting high positive factor scores were collected outside pockmarks. The most striking observation in the spatial distribution of Factor 1 scores (Fig.6a) is the lack of C /metals association in the centre of the pockmark field. The pockmark field is dominated by negative factor scores, which occur for samples inside pockmarks, except for sample 18. The contribution of silt in the factor (Table 4) is justified by the fact that areas of moderate and/or high positive factor scores are dominated by enhanced contents in silt (Fig.6a) . Factor 2 accounts for the 19.2% of the total variance of the original data (Table 3) . High positive loadings were resulted for Mn and Fe, while a more moderate loading was observed for the 9-10Z grain size class (clay) ( Table 4 ). This factor is interpreted as an Μη/Fe oxides factor. The capability of Mn-and Fe-oxides to scavenge other trace metals is well documented (Goldberg, 1954; Cronan, 1969; Calvert and Price, 1977) , but no heavy metals seemed to relate with Mn and Fe in the factor. Comparing Factors 1 and 2 with respect to metals affilia tion, there seems to be a competition between the organic matter and the Fe/Μη oxides. Organic matter appears to dominate over the Mn-/Fe-oxides with regard to metals adsorptive ability. Factor 2 has the greatest effects in samples 11 and 12, both of which come from inside pockmarks and show the highest positive factor scores ( Table 5 ). The spatial distributions for Factors 1 and 2 ( Fig.6a and 6b respectively) indicate that the aforemen tioned competition between C or and Mn-/Fe-oxides, regarding metal bonding, may be more intense in the SW part of the study site. This particularly occurs in the surrounding area of samples 12 and 13, because both samples exhibited moderate to high positive factor scores for both factors.
Factor 3 explains the 12.1% of the total variance of the original variables (Table 3 ) and is a pure geochemical factor. The metals that contribute to the factor with high positive loadings are Ca, Co and Cu, while Fe exhibits a more moderate loading (Table 4) . This third factor is interpreted as the carbonates fraction factor. The car bonates do not normally correlate well with heavy metals. The contribution of Fe in the factor may indicate that Fe is in lattice positions of the carbonate minerals and/or forms a coating around the carbonate grains under the Fe-oxide form, constituting an attraction pole for other metals as well, such as Co and Cu, as the factor demon strated. Caroli (1958) reported that Fe is deposited in the form of oxide or hydroxide and coats fine clay parti cles. High positive factor scores ( Figure 6c ) occurred for samples 14, 17 and 22 (Table 5 ), indicate that the particular surficial sediments are dominated by the carbonate fraction. This was also observed in the concentra tions of Ca in surficial sediments, demonstrating high Ca content locally around samples 14 and 17, as well as enhanced Ca in the surrounding area of sample 22.
Factors 4 and 5 account for the 9.2% and 7.6% of the total variance of the original variables respectively (Table 3) . Both are pure granulometrie factors. High positive loadings resulted for the <(-l)-3Z and 7-8Z grain size classes in the fourth factor (Table 4 ). The fourth factor has an effect only in sample 24, which was the only one with a very high positive factor score (Table 5) . Factor 5 is a bipolar factor with two associations that are inversely related. The grain size class that contributes most to the positive pole is 6-7Z (coarse silt) (Table 4) . Two grain size classes comprise the negative pole of the fifth factor and these are the 3-4Z (coarse sand) and 9-10Z (clay) ( Table 4 ). The positive factor pole has an effect in samples 14 and 18, which exhibited the highest positive scores, whereas the negative pole seems to have effect in samples 7 and 22 (Table 5 ). The pure granulometrie nature of these last two factors does not provide helpful information regarding the distribution of heavy metals in surficial sediments.
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CONCLUSIONS AND DISCUSSION
Sediment samples analysed in the present study were sampled in an active pockmark field lying in the east ern part of the Gulf of Patras. Samples were taken from both inside and outside pockmarks. According to Hasiotis et al. (1996) , the pockmark field was activated during a major earthquake event on 14 th July 1993. The Gulf of Patras is a seismically active area, periodically giving earthquakes of great magnitudes (Papadopoulos and Lefkopoulos, 1993) . Similar gas seepage triggered by earthquakes has also been documented at Malibu Point, CA (Clifton et al, 1971) . Hasiotis et al. (1996) reported only one buried pockmark within the entire pockmark field during the time of their survey. This fact together with that the pockmarks are located in shallow waters, where sediment on the seafloor can be suspended and transported by the wave regime in the Gulf and therefore filling the pockmarks, suggest a long-term activity state of the field. Although there is evidence for the activity of the pockmark field as a whole, it cannot be pointed out which individual pockmarks are the active ones or which will be activated in the case of a triggering event in the future.
Grain size analyses showed that the surficial sediments in the study site consist of mud, sandy mud and silt. The coarser sediments seem to lie nearshore at the north end of the pockmark field. The distribution patterns of sand, silt and clay seem to be controlled by the presence of pockmarks that affects the general pattern of sediments distribution.
i?-mode factor analysis applied for the surficial samples primarily discriminated the domestic sewage pollu tion factor, the Mn-/Fe-oxides phases in the surficial sediments and the carbonate sedimentation. Heavy metals in surficial sediments seem to have an affinity for the organic matter rather for the Mn-/Fe-oxides. Organic matter dominates over the Mn-/Fe-oxides in terms of metals adsorptive capability. Nevertheless, the strong association between C and heavy metals in surficial sediments does not seem to exist in the centre of the org ·> pockmark field under study. Oganic matter seems to control the distribution of heavy metals in surficial sediments, but no clear discriminations between 'inside' and 'outside pockmarks' samples can be implied. The combined study of the spatial distributions of the sand fraction, C or and Factor 1 scores imply that pockmarks in the centre of the surveyed field may be active. The release of small but continuous amounts of gas re-suspends the fine sediments, which in turn are carried away by the current regime. Lastly, the carbonates seem to control sedimen tation mainly in the nearshore surficial sediments.
In conclusion, the difference detected and interpreted between sediments inside and outside pockmarks in the Gulf of Patras lies in the ways heavy metals are linked with sediments fractions. The correlations made between sediments texture and geochemistry can be attributed to the pockmark field activity during gas release events. Although samples analysed were taken from both inside and outside pockmarks, in reality all samples locations are in the vicinity of the pockmark field. This means that samples analysed in the present study are all more or less affected by the activity of pockmarks. Therefore, it is possible that differences detected in their geochemistry -granulometry may be masked by the aforementioned fact.
